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In la~·ge helical. device s~per-conducting magnets, 
. orgamc composite matenals have been used as the 
insulating spacers for the cooling channels. These 
insulating materials must withstand the 
combination of shear and compressive stresses. 
The fracture behavior induced by the combined 
str~ss~s is expected ~o differ from that caused by 
uniaxial stress, and It needs to be clarified. Two 
methods of evaluating strength under combined 
stres.ses \Vere proposed(Fig.1). The strengths 
obtmned \\'ere found to differ. Therefore, it is 
necessary to clarify which results should be used 
f~r magnet design and what brought about the 
differences. Stress analysis that simulates the 
experiments was done, and the fracture modes of 
the composite materials under combined stresses 
were studied. 
Stress analysis by the finite element method was 
done to clarify the reason for the different results 
and to determine which data were appropriate for 
magnet design. 
The Tsai-Hill criterion was employed as the 
failure condition; it is represented as the sum of 
three terms: 
where a o* is compressive strength, a o ~ 
compressive stress; at*, tensile strength; at , 
tensile stress; r: * , shear strength; r , shear 
stress. In the finite element analysis, any element 
that satisfies criterion (1) is thought to be broken. 
The calculated results are shown in Fig. 2. The 
failure envelope for the parallel method was larger 
than that for the series method. The experimental 
results seem to be reproduced by the calculations. 
In the parallel method, the constraint condition 
causes. a reaction in the horizontal (x) direction. 
The fatlure envelope was calculated by taking the 
reaction into consideration, and the results are 
sh?w~ in Fi&. 2. The corrected failure envelope 
cotnctdes wtth that of the series method. 
Conventional analysis of the parallel method did 
not account for the reaction results, thereby 
producing a larger failure envelope. The actual 
constraint condition of the insulating material in 
superconducting magnets, however, should lie 
between those of the two methods. Consequently, 
the failure envelope of the insulating material 
ought to be bern'een the envelopes of the two 
methods. 
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Fig. 1. Schematic illustrations of (a) parallel and 
(b) series test fixtures. 
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Fig. 2. Failure envelope calculated by the parallel 
and series methods. The corrected failure 
envelope is also shown. 
Stress analysis of GFRP subjected to combined 
shear and compressive stress was done. The two 
test methods used resulted in different failure 
envelopes. The difference was brought about by 
different stress distributions due to different 
constraint conditions. We propose that the basic 
parameters of organic composite materials 
measured at cryogenic temperatures must be 
investigated. 
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